Abstract: Commercial pressure sensors are often fabricated using well-established silicon micromachining technologies. The thickness and stiffness of silicon-based sensors make them in most cases unsuitable for the integration into materials and surfaces. We present a flexible pressure sensor fabricated by printing technology. Therefore, an intrinsically pressure sensitive ink is screen printed on interdigital electrodes on a thin and flexible foil substrate. The sensor shows sufficient sensitivity and is applicable in a wide pressure range from 0 to 2 MPa. The sensor can completely be fabricated using a low-cost screen printing process. It is very thin and flexible, making it possible to be applied on curved surfaces or to be integrated into materials in a minimal invasive way.
Introduction
Widely used silicon-based pressure sensors were invented almost 50 years ago. Common siliconbased pressure sensors use either the piezoresistive or capacitive sensing principle and are fabricated by well-established silicon micromachining technologies [1] . Even though the lateral dimensions as well as the functionality of the sensors have been improved, the major disadvantages of silicon-based pressure sensing, namely the minimum height and the brittleness, have not yet been worked on. There were a few approaches trying to fabricate thin silicon-based pressure sensors, but they require a costly change in fabrication methods [2] .
Low-cost, thin and flexible pressure sensors for the application in a wide pressure range are desired for many applications such as material integrated sensing [3] and surface functionalization [2] . Thin, foil-based screen-printed pressure sensors based on pressure sensitive organic transistors have been reported lately [4] . However, they require a complex printing process as well as suitable electronics for excitation and readout. Resistive, foil-based pressure sensors, so called Force Sensitive Resistors (FSR), have also been investigated, but they usually require a two foil fabrication process, where the electrodes are on one foil and a conducting material on another [5] . Figure 1a shows the cross-sectional view of an FSR sensor. Simple resistive, printed pressure sensors have also been developed, but only for the use at low pressures [6] .
We present a low-cost thin and flexible screen-printed resistive pressure sensor for highpressure applications. A render image of the sensor is shown in Figure 1b . The pressure sensitivity is based on a percolation effect within the pressure sensitive layer. The distance between conductive particles in a polymer matrix is lowered by the applied pressure leading to a decrease in resistance of the layer. This can either be caused by reducing the tunneling distance, when tunneling effects are mainly responsible for charge transportation, or by simply decreasing contact resistance between the particles [7] . 
Materials and Methods
The fabrication steps for the presented sensor are depicted in The screen-printing is done manually using a screen with a mesh size of 180 meshes per centimeter. Electrode geometry, ink layer thickness and, therefore, the overall sensors size can easily be adjusted during the fabrication of the mesh. Excitation and readout of the sensor are simple as only the resistance between the electrodes has to be measured. Figure 3 shows a comparison between the presented sensor (bottom left) and a commercially available FSR from Interlink (top left). The measurement setups are depicted in Figure 4 . The characterization of the sensor has been performed in two ways: First by applying a force with an XYZtec Condor 100 multitesting tool with a 10 mm by 10 mm stamp (Figure 4a ) and second by applying hydrostatic pressure by compressed air in a pressure chamber (Figure 4b ). The maximum force F, which has been applied to the sensor in contact pressure measurement, was 40 N. Therefore, the maximum contact pressure was 4 MPa. The maximum pressure of compressed air p during testing in the pressure chamber was 0.35 MPa. 
Results
Sensors with screen-printed silver tracks and a 7 µm thick layer of pressure sensitive ink have been tested. The sensors characteristics can be seen in Figure 5 . The contact pressure measurement (Figure 5a ) shows a sufficient sensitivity up to a pressure of 1.5 MPa, going into saturation at higher pressure. The relative change in resistance of the sensors that have been tested inside the pressure chamber (Figure 5b ) is similar to the change during contact pressure measurement up to 0.2 MPa and suddenly decreases strongly. It can be seen, that the application of the sensor on a curved surface does not change the general functionality of the sensor significantly. However, we observed a decrease in the initial resistance from 118.01 Ω to 113.25 Ω due to the bending of the sensor when applied on the curved surface. The change of resistance by bending is not shown in the graph. 
Conclusions and Outlook
We have presented a flexible resistive pressure sensor and its fabrication by screen printing. The characterization was done in two different ways. First a contact pressure was applied to the sensor. In a range from 0 to 1.5 MPa the sensor shows nearly linear behavior, while it gets saturated between 1.5 to 4 MPa. In a second step, we characterized the sensor in a pressure chamber, applying hydrostatic pressure. In comparison to the contact pressure measurement, a higher sensitivity is achieved. A reasonable explanation for the difference needs further investigations. Finally, the sensor was tested on an even and curved surface at hydrostatic pressure. While the absolute value of the sensor changed due to the bending, the functionality of the sensor did not change significantly. However, the sensitivity of the sensor did change. This is a major problem which need to be solved in the future. Future work will also focus on the characterization of the sensors at higher hydrostatic pressure than 0.35 MPa as well as on the application of the sensor for material integrated pressure sensing.
